Purpose: This study aimed to evaluate the increase in tear meniscus height (TMH) induced by 3% diquafosol ophthalmic solution in eyes with contact lens (CL). Methods: Ten healthy subjects wearing high-water-content CLs received topical instillation of two ophthalmic solutions -3% diquafosol ophthalmic solution in one eye and artificial tears in the other eye. Lower TMH was measured at 5 minutes, 10 minutes, 15 minutes, 30 minutes, and 60 minutes after instillation by anterior segment optical coherence tomography. Results: TMH increased significantly (P,0.001) at 5 minutes and 15 minutes after instillation of saline compared with the baseline values. After instillation of 3% diquafosol ophthalmic solution, TMH significantly increased (P,0.05) at 5 minutes, 15 minutes, 30 minutes, and 60 minutes compared with the baseline values. Increases in TMH after diquafosol instillation were significantly greater (P,0.05) at 15 minutes, 30 minutes, and 60 minutes than increases in TMH after saline instillation. Conclusion: Topical instillation of 3% diquafosol ophthalmic solution increases TMH for up to 60 minutes in eyes with high-water-content CLs.
Introduction
As reported in the "Contact Lens Discomfort" report by the Tear Film and Ocular Surface Society, several biophysical tear film changes have been associated with contact lens (CL) wear. Decrease in tear volume is one of the changes related to CL discomfort. 1 Previously, we reported a remarkable decrease of tear meniscus height (TMH) with CL wear, 2 especially with high-water-content CL wear by quantitative TMH measurement using anterior segment optical coherence tomography (AS-OCT). Because 75%-90% of tear volume exists in the upper and lower tear menisci, 3 reduction of TMH during CL wear may be a major factor that induces CL-related dry eye symptoms. Artificial tears and tear retention agents have been widely used as possible options for tear supplementation during CL wear. Our previous preliminary investigation in a limited number of subjects showed a significant increase in TMH at 5 minutes after instillation of 3% diquafosol ophthalmic solution (Diquas, ophthalmic solution 3%; Santen Pharmaceutical, Osaka, Japan) during high-water-content CL wear.
2 Diquafosol ophthalmic solution stimulates secretion of tear fluid and mucin. These actions have been reported to improve tear film stability and provide therapeutic relief for dry eye symptoms in various types of dry eyes. [4] [5] [6] [7] [8] [9] Therefore, we speculate that eyes with a remarkable reduction in TMH due to high-water-content CL wear might benefit 
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In our current study, we evaluated whether diquafosol had the capacity to prolong increases of TMH in eyes with highwater-content CL wear in a greater number of subjects.
Materials and methods
This study was approved by the Institutional Review Board of Kansai Rosai Hospital. This research adhered to the tenets of the Declaration of Helsinki, and we obtained informed consent from all participants after the nature and possible consequences of the study were explained to them.
Twenty eyes of ten normal subjects (eight men, two women; average age: 38.1±5.8 years) with no ocular disease, except refractive errors, were analyzed. No subject had worn CLs, had undergone ocular surgery, used eye drops, or taken systemic medication. Subjects were asked to wear commercially available CLs, specifically, etafilcon A lenses (1-day ACUVUE; Johnson & Johnson, Tokyo, Japan). This lens has a high water content of 58.0% and a diameter of 14.2 mm, and it was classified by the US Food and Drug Administration as a group IV lens.
In accordance with the procedure we used in our previous study, 2 TMH measurements were performed using a commercial AS-OCT (SS-1000; Tomey Corp, Nagoya, Japan). Cross-sectional images of the lower TMH were taken vertically, across the central cornea, in every subject. TMH was defined as the line distance from the fluid surface of the CL-meniscus junction to the lower eyelid-meniscus junction. On the basis of the previously described methods, 2,10,11 the lower TMH values were calculated using the cross-sectional AS-OCT images.
At 20 minutes after lens insertion, each subject randomly received a single drop of 3% diquafosol ophthalmic solution in one eye and an isotonic borate-buffered saline solution (Soft Santear; Santen Pharmaceutical, Osaka, Japan) in the other eye. AS-OCT images were taken prior to and at 5 minutes, 15 minutes, 30 minutes, and 60 minutes after eye drop instillation in both eyes of each subject. The change in TMH (ΔTMH) was calculated as the difference between the baseline TMH value and the TMH value after instillation. In addition, the time course of ΔTMH with two eye drops was evaluated, and the ΔTMH values were compared between the two eye drops.
Results
The ΔTMH data obtained before and after instillation of 3% diquafosol ophthalmic solution and saline in eyes with CL wear are shown in Figure 1 . Mean ΔTMHs after saline instillation were 55.8 µm, 32.7 µm, 8.4 µm, and -0.6 µm at 5 minutes, 15 minutes, 30 minutes, and 60 minutes after instillation, respectively. Mean ΔTMHs after diquafosol instillation were 75.1 µm, 66.9 µm, 52.3 µm, and 34.4 µm at 5 minutes, 15 minutes, 30 minutes, and 60 minutes after instillation, respectively. Compared with the baseline TMH values, significant increases of TMH were observed at 5 minutes, 15 minutes, 30 minutes, and 60 minutes after diquafosol instillation and at 5 minutes and 15 minutes after saline instillation. The ΔTMH after diquafosol instillation was significantly greater (P,0.05) at 15 minutes, 30 minutes, and 60 minutes compared with the ΔTMH after saline instillation.
Discussion
In our present study, a significant, prolonged increase in TMH was observed up to 60 minutes after diquafosol instillation in eyes with high-water-content CL wear. Furthermore, increase in TMH after diquafosol instillation was significantly greater at 15 minutes, 30 minutes, and 60 minutes than the increase in TMH after saline instillation. The results of our present study were consistent with those of our previous study, 2 and it added convincing evidence of prolonged increase in wetness via use of diquafosol in eyes with CL wear.
Contact lenses divide the tear film into pre-and postlens tear films, and this compartmentalization affects biophysical changes in the tear film. 1 According to a previous report, 12 after instillation of artificial tears, the thickness of prelens tear film increased temporarily for a few minutes. However, there were no significant changes in the postlens tear film. It has been reported that the postlens tear film plays an important role in interactions with the ocular surface and may influence ocular comfort. 1, [13] [14] [15] Although prolonged increase in prelens TMH of eyes with CL wear after instillation of diquafosol ophthalmic solution was demonstrated in our current study, postlens tear film dynamics remain unknown. Although a study addressing this issue is currently under way, it will be helpful to clarify pre-and postlens tear film dynamics after instillation of artificial tears and tear retention agents in eyes with CL wear, especially symptomatic CL wearers. Using AS-OCT, future quantitative investigations of changes in thickness of pre-and postlens tear films will be possible.
Significant, prolonged increases of prelens TMH were observed after diquafosol instillation. It is expected that diquafosol ophthalmic solution, which has the potential to increase tear volume over the ocular surface beneath CLs, will become a treatment option for CL-related dryness.
